We developed a stochastic Markov model of community-level transmission of yaws ( Figure 1 ). Upon infection, susceptible (S) individuals develop primary disease (I1) at a rate proportional to the transmission rate β and the total number of infectious individuals (I1 + I2).
Individuals with primary disease can further transition to secondary disease (I2) at rate α, and both those with primary and secondary disease can transition to latent disease (L) at rate η.
Lastly, those with latent disease can relapse back to I2 at rate ρ. Infected individuals with primary or secondary disease are treated (and become susceptible again) at rate τI, and those with latent disease at rate τL. Unlike previous mathematical models of yaws (1), tertiary yaws was not included in the model as these cases are believed not to contribute to transmission (2) . As individuals may be re-infected many times we did not consider individuals to obtain protective immunity following infection or treatment.
Implementing the Model
The Markov model was run with an optimized tau-leap algorithm to approximate Gillespie's algorithm for exactly simulating stochastic systems (3,4).
We used the adaptivetau package for R (the R Project for Statistical Computing) (5). We performed repeated simulations across a range of disease transmission assumptions (β, n = 3) and treatment assumptions, varying both the coverage and number of mass treatment rounds undertaken (Table 1) .
For each combination of disease and intervention parameters we performed 1,000 simulation experiments. Within each combination we used Latin-hypercube sampling using the lhs R package (6) to vary other disease specific variables (rate of progression and relapse, Page 2 of 3 treatment in the absence of intervention) across the range of parameter estimates. We included an initial burn-in time of 50 months before the commencement of any yaws eradication intervention. The model then ran for a further 100 months.
Sensitivity Analysis
Initial sensitivity analysis was conducted by varying both disease (β) and intervention (coverage, number of rounds of MDA) and analyzing alterations in the eradication probability. In addition, we calculated Partial-Rank Correlation Coefficients for all model parameters (disease and treatment), which calculates the correlation of each variable with the probability that eradication is achieved if all other parameters are kept fixed, as previously described (7).
Code for the Model
Available at https://github.com/michaeledwardmarks/yaws-model-code.
